




























LEN and SHARPLEY, 1994），２）土壌養分の有効性の違
い（BURLE et al., 1997），３）病害虫密度の違い（FRAN-
CIS et al., 1986），４）アレロパシー物質の有無（LIEB-



































































（PLENCHETTE et al., 1983; TESTER et al., 1987; 

























TINKER, 1971; SANDERS and TINKER, 1973）がAM菌の
効果としては最も良く報告されている。この他，亜


























壌水分の有効性（KARLEN and SHARPLEY, 1994），２）
養分の有効性（BURLE et al., 1997），３）病害虫密度
（FRANCIS et al., 1986），４）アレロパシー物質の有無
（LIEBMAN and DYCK, 1993），５）土壌の物理性（有




























































WARAYA et al., 1994a; MARTENSSON, 1994; HAMEL et 
al., 1996），この感染率の低下には，土壌中のリン濃
度ではなく植物根中のリン濃度が関与していること
が解明されている（俵谷と斎藤，1993; TAWARAYA et 












（CLARK, 1997），AM菌の胞子発芽（DANIELS and 
TRAPPE, 1980），AM菌の感染（HABTE and SOEDARJO, 
1995），AM菌の接種による作物生育の改善効果
（GRAW, 1979; HABTE and SOEDARJO, 1995）にも土壌
pHが影響を及ぼす。また，土壌の種類によって土
着 AM菌の密度や作物の AM菌感染率が異なり
（JOHNSON et al., 1991; KHALIL et al., 1992; TALUK-
DAR and GERMIDA, 1993; BRUNDRETT et al., 1996; 
HAMEL et al., 1997），AM菌の接種効果にも土壌間差
があることが知られている（HAMEL et al., 1997; 
KARAGIANNIDIS and HADJISAVVA-ZINOVIADI, 1998）。一
方，有機物の施用に関しては，作物の AM菌感染率
を高め，土壌中の AM菌密度を増加させる（KABIR et 
al., 1997; MILLER and JACKSON, 1998; MUTHUKUMAR 
and UDAIYAN, 2000）という報告と，逆に感染率や密
度を低下させる（TARKALSON et al., 1998; KHALIL et 
al., 1992）という報告がある。また，窒素肥料の種類
や施用量によっても AM菌感染率が異なる場合があ
る（BROWN et al., 1981）。この他，耕起（ENTRY et 
唐澤:輪作におけるアーバスキュラー菌根菌の動態と作物の生育に関する研究
4al., 1996; KABIR et al., 1997; MCGONIGLE et al., 1999），
栽植密度（BAATH and HAYMAN, 1984），農薬（GARCIA-







糸の伸長（SCHENK and SCHRODER, 1974）や植物への
感染（BAON et al., 1994; SMITH and RONCADORI, 1986）
が抑制される。また，AM菌の接種効果も低地温で
は認められないことがある（SMITH and RONCADORI, 
1986）。一方，高温条件でも胞子発芽（小林，1988）





1994; RUIZ-LOZANO and AZCON, 1995）や AM菌の接種































































































































試験は各 5× 5 mの区画で，3反復にて行なった。
　1990年は 5月 14，15日に，1991年には 5月 10，
11日に各前作物を播種した。1990年には，各前作
物を栽培する区ならびに無作付け区に一律に，ha当
たり 100 kg N，100 kg K2O，100 kg P2O5となるよう
に尿素，硫酸カリウム，過リン酸石灰を施肥した。
一方，1991年には，ha当たり 150 kg N（尿素），150 
kg K2O（硫酸カリウム）となるように各前作物への
施肥を行ない，それぞれの前作物ごとに過リン酸石











年には 5月 10日，1992年には 5月 11日にトウモロ
コシ「オカホマレ」を播種した。トウモロコシには，
ha当たり 150 kg N（尿素），150 kg K2O（硫酸カリ
唐澤:輪作におけるアーバスキュラー菌根菌の動態と作物の生育に関する研究
6ウム）の施肥を一律に行ない，各作物跡地ごとに
200 kg P2O5 ha-1の過リン酸石灰施用区とリン酸無施
用区を設けた。なお，1991-1992年の試験では，前作
物に 200 kg P2O5 ha-1のリン酸を施用した区ではトウ
























に加熱した 100 g L-1の KOH溶液にて処理した。45
分後，根を水洗し，500 mg L-1のトリパンブルーを加
えたラクトグリセロール溶液中で 100℃，30分間，
染色した（PHILLIPS and HAYMAN, 1970）。染色した根
の AM菌感染率は，格子交点法により決定した









のリン吸収量が 20 kg P ha-1以上であったのに対し，
コムギ栽培区や無作付け区では，前作物のリン吸収
量は 10 kg P ha-1以下であった。しかしながら，各前
作物を収穫した跡地土壌の有効態リン（トルオーグ
法）には，差が認められなかった（52.8± 2.01 mg 
P kg-1）。
　1991年のトウモロコシ播種時における貫入抵抗











































































































しては，多くの報告があるが（CARTER et al., 1991; 












































菌の密度が低下する（BLACK and TINKER, 1979; 
OCAMPO et al., 1980; THOMPSON, 1991）。本試験で用
いた前作物の中で，ナタネ，キャベツ，テンサイが
AM菌の非宿主作物であり（PLENCHETTE et al., 1983; 
TESTER et al., 1987; THOMPSON and WILDERMUTH, 







TINKER, 1977; THOMPSON, 1987; HARINIKUMAR and 









































きた（VIVEKANANDAN and FIXEN, 1991）。その理由と
して，１）非宿主作物や裸地の跡地に比べて宿主作物
の跡地土壌で，AM菌の胞子密度が高く（BLACK and 
TINKER, 1977; THOMPSON, 1994b; KARASAWA et al., 
2000a; KARASAWA et al., 2001），２）非宿主作物よりも
宿主作物を栽培した跡地で，作物根のAM菌感染率が高
く（GAVITO and MILLER, 1998a; ARIHARA and KARASAWA, 
2000; KARASAWA et al., 2000a;MILLER, 2000; KARASAWA 
et al., 2001） ，３）前作物が土壌の有効態リンに影響
しないのにもかかわらず（THOMPSON, 1994a; KARASAWA 
et al., 2001），非宿主作物後に比べて宿主作物後に栽
培した作物のリン含有率ならびにリン吸収量が有意






































跡地土壌を 5～ 10℃に 25日間保存した。これは，
形成直後の AM菌胞子が休眠状態であり，それを打
破するためである（TOMMERUP, 1983; GEMMA and KO-


















































































































































     MDISF:シロガラシ跡地土壌に，ヒマワリ跡地の胞子
 　を接種して栽培し たトウモロコシ，
     MDSI:シロガラシ跡地土壌に，滅菌した AM菌胞子
 　を接種して栽培したトウモロコシ，











第12図   各 AM菌処理区におけるトウモロコシ 
 　の AM菌感染率
 　　†処理名は，第 10図を参照．
 　　   エラーバーは標準誤差．








があり（KARLEN et al., 1994），その原因として，土
壌中の AM菌密度の違いが考えられた（GAVITO and 
MILLER, 1998a; ARIHARA and KARASAWA, 2000; 
KARASAWA et al., 2000a）。しかしながら，前作物の違
いによる後作物の生育差には，AM菌以外の様々な
要因が関与することが報告されている（FRANCIS et 
al., 1986; LIEBMAN and DYCK, 1993; KARLEN and SHAR-



















様の結果である（ARIHARA et al., 2000; KARASAWA et 
























め た 可 能 性（TOMMERUP and ABBOTT, 1981; BIER-



















































を示した（ARIHARA and KARASAWA, 2000; KARASAWA 




よって引き起こされていた（KARASAWA et al., 2001; 
KARASAWA et al., 2002）。また，AM菌の接種や感染
による生育やリン吸収の促進は，トウモロコシだけ
でなく，多くの作物において報告されている（GER-
DEMANN, 1968; MOSSE, 1973; SMITH and GIANINAZZI-

































各前作物の栽培区には，それぞれ ha当たり，150 kg 











は ha当たり 40 kg N，150 kg P2O5，90 kg K2O，バレ
イショに対しては ha当たり 80 kg N，180 kg P2O5，
120 kg K2O，キャベツには ha当たり 200 kg N，130 
kg P2O5，200 kg K2Oとなるように高度化成肥料Ｓ
502（ダイズ），Ｓ 882（バレイショ），Ｓ 282（キャ
ベツ）を施用した。栽植密度は，ダイズで 133,000
















































































































































































































































を AM菌に依存しないことを示した PLENCHETTE et 
al.（1983）の結果とほぼ一致する。AM菌による作
物のリン吸収促進は，主に，作物のリン吸収域の拡
大による（HAYMAN, 1983; SMITH and READ, 1997）こ
とが示されており，その効果は根の表面積が小さく，
作物自体のリン吸収域が小さい作物で顕著であると








































































とが知られている（MEDERSKI and WILSON, 1960; 
OLSEN et al., 1961; MACKAY and BARBER, 1985）。一方，
コムギ（ELLIS et al., 1985），トウモロコシ（SYLVIA 
et al., 1993）では，AM菌の接種によって乾燥ストレ
スが軽減される例が示された。さらに，AM菌の感
染は，水分ストレスに影響されない（ALLEN et al., 
1989; SIMPSON and DAFT, 1990; BRYLA and DUNIWAY, 
1997）という報告がある一方，水分ストレスによっ
て AM菌の感染率が減少する（OSONUBI, 1994; RUIZ-



































試験は各 5× 5 mの区画で，3反復にて行なった。
各前作物栽培区ならびに無作付け区には，それぞれ
ha当たり，150 kg N，150 kg K2Oとなるように尿素
と硫酸カリウムを施肥し，過リン酸石灰を施用する






ウモロコシに対しては，ha当たり 150 kg N，150 kg 
K2Oとなるように尿素と硫酸カリウムを施肥した。
各作物跡地のうち，前作物にリン酸を施用した区に































































































































乾物重は，Ｄ区で 11.8 g pot-1，Ｍ区で 23.2 g pot-1，















































 を100とした値．ヒマワリ後のトウモロコシの地上部乾物重は，Ｄ区で11.8 g pot-1，
 Ｍ区で23.2 g pot-1，Ｗ区で29.9 g pot-1であった．












































 D:<-63 kPa（乾燥）; M: -50 kPa（中庸）; W: -10 kPa
 （湿潤）．
 各横棒は，AM菌密度が高い条件（胞子数 1500個 






























 D:<-63 kPa（乾燥）; M: -50 kPa（中庸）;





 D:<-63 kPa（乾燥）; M: -50 kPa（中庸）;




 D:<-63 kPa（乾燥）; M: -50 kPa（中庸）;




 D:<-63 kPa（乾燥）; M: -50 kPa（中庸）;






















































い低下する（DANIELS and TRAPPE, 1980）。また，一
度，胞子が発芽すると，AM菌（Acaulospora laevis）
菌糸の乾燥に対する耐性が急速に低下すると考えら







（NELSEN and SAFIR, 1982; SYLVIA et al., 1993）という
報告と，乾燥ストレスによって感染率が低下する








SON, 1960; OLSEN et al., 1961）。そして，その原因に
は，根の生育促進や土壌から根の表面へのリンの拡
散速度の向上が挙げられている（OLSEN et al., 1965; 


















































































SCHRODER, 1974）や作物への感染（1994; SMITH and 
RONCADORI, 1986; VOLKMAR and WOODBURY, 1988 
BAON et al., ）が抑制されると報告されている。さら
に，接種AM菌の効果も地温によって異なり，AM菌
による作物生育の改善効果が低地温条件下で認めら









































地温 25℃ 区の場合のみ夜間の地温を下げ，20℃ と
した。また，いずれの区においても，地上部の温度































した場合，地温 15℃ 区の地上部乾物重は 15.8であ
り，窒素，カリウム，マグネシウム，鉄，亜鉛，マ
ンガン吸収量もこれとほぼ同等の 13.1~18.6であっ







































































トウモロコシの生育は 25℃ 区のわずか 15.8％であ
り，この割合は前作物の影響を受けなかった（第 38
図）。一方，地温 15℃ではトウモロコシのリン吸収




部乾物重は 25℃ 区の約 40％であり，ヒマワリ跡地
とシロガラシ跡地でほぼ同等であった（第 38図）。
シロガラシ跡地ではトウモロコシのリン吸収が生育










































































































































差が認められない（DAFT and NICOLSON, 1966; THOM-
SON et al., 1986）。また，作物の AM菌感染率も，土
壌のリン肥沃度の増加に伴って低下することが示さ






























栽培は，各 3× 5 mの区画で，6反復にて行なった。
各前作物を栽培する区には，ha当たり 150 kg N，
150 kg K2Oとなるように硫酸アンモニウムと硫酸カ
リウムを全面全層に施肥した。リン酸は，0，250，










kg N，150 kg K2Oとなるように硫酸アンモニウムと
硫酸カリウムを全面全層に施肥し，前年と同様に 3




せず，前作物に 250 kg P2O5 ha-1のリン酸を施用した
区ではトウモロコシに対しても同量のリン酸を施用
し，前作物に 500 kg P2O5 ha-1のリン酸を施用した区














































































































































































TAWARAYA et al., 1994a; TAWARAYA et al., 1994b; TA-


















土壌の有効態リンが 89.1~103 mg kg-1（全層区）の
リン酸無施用区では，収穫期においても非宿主作物
後に比べて宿主作物後のトウモロコシ収量が高く，
有効態リンが 136~144 mg kg-1（全層区）の 250 kg ha-1
リン酸施用区のトウモロコシ収量には前作物の影響
はみられなかった。以上の結果から，生育初期には
有効態リン 200 mg kg-1（全層区）の 500 kg ha-1リン
酸施用区にまで前作効果が認められ，土壌の有効態
リンが約 110 mg kg-1以下では後作トウモロコシの収
量にも前作効果が認められると考えられた。北海道
の土壌診断基準値が，有効態リン酸 10~30 mg P2O5 























有効態リンが約 110 mg kg-1以下のリン酸無施用区で
のみ収量に差が認められた。以上より，この前作効
果はリン肥沃度が低いほど顕著であるが，北海道の
土壌診断基準値（有効態リン酸 10~30 mg P2O5 100 










条件でも報告されているが（SINGH and TILAK, 1989; 
VEJSADOVA et al., 1993），AM菌の接種効果は土着







異なり（JOHNSON et al., 1991; HENDRIX et al., 1995），
土着 AM菌による作物の AM菌感染率にも大きな土
壌間差が認められた（TALUKDAR and GERMIDA, 1993; 
BRUNDRETT et al., 1996）。また，AM菌の接種による
作物のリン吸収や生育の促進効果も，土壌によって
異 な る（KARAGIANNIDIS and HADJISAVVA-ZINOVIADI, 
1998）。さらに，AM菌の菌糸伸長や植物への感染，
作物生育を促進する効果は，リン肥沃度（ABBOTT et 
al., 1984; BOLAN et al., 1984），地温（SMITH and RON-
CADORI, 1986），土壌 pH（HAYMAN and TAVARES, 1985），









































　各ポットに窒素 1 g pot-1となるように硝酸カリウ
ムを施用して，前作物としてヒマワリ「りん蔵」（AM
菌宿主）とシロガラシ「キカラシ」（非宿主）をガ

































に属する 5種土壌（A1, A5, A6, A7, B3）を使用した






























は 1.3 kgの A6土壌を 1.8 Lのポットにつめた。本試
験では，複数種のグロムス属の AM菌を含む資材
「Ｄｒキンコン」（出光興産社製）を接種源として
用いた。AM菌接種区には，本資材を 2 g pot-1となる
ように加え，AM菌無接種の対照区には，オートク
レーブ滅菌した資材を 2 g pot-1加えた。各処理区と
も，窒素 1 g pot-1となるように硝酸カリウムを施用
した。また，土壌のリン肥沃度を変えるため，各土
壌種，各 AM菌処理区とも 5段階のリン酸施肥レベ


















































































































































































































壌ではみられない（DAFT and NICOLSON, 1966; THOM-


























　植物への AM菌感染は，土壌 pH（NOORDWIJK and 
HAIRIAH, 1986; NURLAENY et al., 1996; CLARK, 1997），
施肥（KABIR et al., 1997; MILLER and JACKSON, 1998），











































































































カラシ」，ベッチ（  sp.）「まめ助」，ヒマワリ「DO 
707」を栽培する区，ならびに翌年の春まで無作付け
にする区を設けた。シロガラシとベッチの播種は 8
月 7日の 1回のみで，ヒマワリについては，8月 7






　播種密度は，シロガラシ 18 kg ha-1，ベッチ 28 kg 
ha-1，ヒマワリ 22 kg ha-1であり，各緑肥作物は無肥
料で栽培した。緑肥作物の栽培は，いずれの区も 11
月 5日までとし，各栽培期間は，8月 7日播種区は









分で N 150 kg，P2O5 100 kg，K2O 150 kgであり，高
度化成肥料 S282を全面全層に施用した。栽植密度






































気温は 14.9℃ と平年並であり（平年値は 14.6℃），
9月 9日播種では 12.5℃と平年よりやや高く（平年
値は 11.4℃），10月 11日播種では 8.6℃と平年並で
あった（平年値は 8.3℃）。8月 7日 ~9月 9日の平
均地温（10 cm）は 19.6℃ であったのに対し，9月















































































































































（ARIHARA and KARASAWA, 2000）が，この前作の違い
による生育差は，収穫時期に縮小する傾向にある。
この原因としては，生育後半には根密度が増大して

























































著であり（DANIELS and TRAPPE, 1980），AM菌感染
率や胞子形成も 18℃ 以上の地温で高いことが報告
















マワリの 10分の 1以下であった（第 13表）。光条
件は光合成による炭水化物の生成量の違いや作物生
育（根量）の違いを介して AM菌感染に影響するこ
とが示されており（LOUCHE-TESSANDIER et al., 1999），
本試験では，9月 9日までの日平均日射量が 15.5 MJ 
m-2であったのに対し，9月9日から11月5日の日平均日













































や AM菌密度を増加させる（KABIR et al., 1997; MUT-
HUKUMAR and UDAIYAN, 2000），あるいは低下させる















































率（KARLEN and SHARPLEY, 1994），土壌養分の有効性
（BURLE et al., 1997），土壌中の病害虫密度（FRAN-
CIS et al., 1986），アレロパシー物質の有無（LIEBMAN 



























































































SMITH and READ, 1997）ことが示されており，その効
果は根の表面積が小さく，作物自体のリン吸収域が
小さい作物で顕著であると報告されている






























も同定が可能になりつつあることから（SIMON et al., 






































SON, 1960; OLSEN et al., 1961）。そして，その原因に
は，根の伸長促進や土壌から根の表面へのリンの拡
散速度の向上が挙げられている（OLSEN et al., 1965; 





























and SCHRODER, 1974）や作物への感染（SMITH and 
RONCADORI, 1986; BAON et al., 1994）は温度の低下に
伴って抑制され，低地温条件下では AM菌による作
物生育の改善効果がみられない例も報告されている
























ないと考えられる（DAFT and NICOLSON, 1966; THOM-
SON et al., 1986）。また，作物の AM菌感染率も，土
壌のリン肥沃度の増加に伴って低下する（TA-









態リン 200 mg kg-1（500 kg ha-1リン酸施用区）まで






道の土壌診断基準値が，有効態リン酸 10~30 mg 

















異なり（JOHNSON et al., 1991; HENDRIX et al., 1995），
土着 AM菌による作物の AM菌感染率にも大きな土
壌間差があることが報告されている（TALUKDAR and 





et al., 1984; BOLAN et al., 1984）だけでなく，地温
（SMITH and RONCADORI, 1986），土壌 pH（HAYMAN 
and TAVARES, 1985），土壌水分（KARASAWA et al., 2000a; 







































土壌水分の有効性の違い（KARLEN and SHARPLEY, 
1994），２）土壌養分の有効性の違い（BURLE et al., 
1997），３）病害虫密度の違い（FRANCIS et al., 1986），
４）アレロパシー物質の有無（LIEBMAN and DYCK, 
1993），５）土壌の物理性の違い（有原ら，1991），


















































































































































































































































り，有効態リンが約 110 mg kg-1以下のリン酸無施用
区でのみ収量に差が認められた。以上より，この前
作効果はリン肥沃度が低いほど顕著であるが，北海
道の土壌診断基準値（有効態リン酸 10~30 mg P2O5 
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1. It is widely known that previously planted 
crops affect the growth and yield of subse-
quently planted crops through several mecha-
nisms such as changes in water use efficiency 
and nutrient use efficiency and changes in the 
sizes of pest populations. However, some obser-
vations cannot be fully explained by these 
mechanisms. Furthermore, the effects of pre-
ceding crops are known to vary with the years 
when or locations where the crops are grown. It 
has therefore been difficult to determine an ap-
propriate combination of preceding and suc-
ceeding crops. A better understanding of the 
mechanisms by which previously planted crops 
affect subsequently planted crops is needed for 
selecting the most appropriate sequence of 
crops in a rotation system suited to particular 
environmental conditions. The objectives of 
this study were, therefore, (i) to elucidate the 
mechanisms responsible for increases and de-
creases in the growth rates and yields of vari-
ous crops after cultivation of several kinds of 
crops, (ii) to determine the effects of atmos-
pheric and edaphic factors on the effects of pre-
ceding crops, and (iii) to try to establish 
effective methods for improving the growth 
rates and yields of succeeding crops.
2. A field experiment was conducted from 1991 
to 1992 in a Melanudands field in Sapporo, lo-
cated in the northernmost island of Japan, to 
determine the effects of preceding crops on the 
growth and yield of succeeding maize. Sun-
flower (Helianthus annuus L.), maize (Zea mays 
L.), soybean (Glycine max Merr.), potato 
(Solanum tuberosum L.), spring wheat (Triticum 
aestivum L.), cabbage (Brassica oleracea L.) 
and sugar beet (Beta vulgaris L.) crops were 
grown as initial crops in 1991. In 1992, a maize 
crop was grown in each previously planted plot 
and in plots that had been fallowed. All of the 
preceding crops had significant effects on the 
yield of subsequently planted maize. Both 
shoot weight and grain yield of subsequently 
planted maize varied widely depending on the 
crop grown in the previous season. Shoot 
weights and grain yields of maize after sun-
flower, maize, soybean, potato or wheat crop-
ping were much higher than those after 
fallowing or cabbage or sugar beet cropping. 
The adverse effects of fallowing or cabbage or 
sugar beet cropping on growth and yield of 
maize could not be compensated for by phos-
phorus (P) application (87 kg P ha-1). However, 
P deficiency was seen in subsequently planted 
maize after fallowing or after cabbage or sugar 
beet cropping. Arbuscular mycorrhizal (AM) 
colonization of maize roots, which is known to 
accelerate plant P uptake, was influenced by 
the crop species grown in the previous season, 
and AM colonization of maize roots was posi-
tively correlated with the shoot dry weight of 
maize. It was therefore speculated that the dif-
ferences in growth rates and amounts of P up-
take of subsequently planted maize were 
caused by differences in the AM colonization of 
the maize roots.
3. A pot experiment was conducted to deter-
mine whether the positive effect of AM host 
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cropping on the growth of succeeding maize is 
mainly due to the multiplication of indigenous 
AM fungi. Maize plants were grown in soil (Me-
lanudands) after mustard (Brassica alba Boiss, 
non-host) cropping without AM fungal (AMF) in-
oculum (MDNI), with inoculum from the soil af-
ter sunflower cropping (MDISF), with sterilized 
inoculum (MDSI), and in soil after sunflower 
(host) cropping without inoculum (SFNI). The 
growth of maize after mustard cropping (MDNI) 
was inferior to that after sunflower cropping 
(SFNI). The AMF inoculum from the soil after 
sunflower cropping (MDISF) improved the 
growth and AM colonization of maize, and 
shoot weight was increased from 17 to 49% of 
that in the SFNI treatment. However, the steril-
ized inoculum (MDSI) did not show similar ef-
fects. Similar AMF species to those increased 
by sunflower cropping were dominant in SFNI-
treated and MDISF-treated soils following maize 
cropping, also indicating that the AM coloniza-
tion of maize was improved by multiplied AM 
fungi through sunflower cropping. These re-
sults suggest that the effects of preceding crops 
on maize growth are at least partly due to differ-
ences in AMF densities caused by various pre-
ceding crops.
4. A series of field experiments was conducted 
in a Melanudands field to investigate whether 
similar effects of preceding crops are observed 
in various succeeding crops other than maize. 
Growth and yield of kidney bean (Phaseolus vul-
garis L.), adzuki bean (Vigna angularis L.), soy-
bean, sunflower, wheat and potato (AM host) 
after cultivation of AM host crops were superior 
to those after nonhost crops. However growth 
and yield of radish (Raphanus sativus L.), cab-
bage, buckwheat (Fagopyrum esculentum 
Moench) and sugar beet (nonhost) were not af-
fected by the preceding crops. Growth and yield 
of most AM host crops are thought to be af-
fected by the preceding cropping in ways simi-
lar to those of maize, given that AM host crops 
depend on arbuscular mycorrhizae for their P 
uptake. However, the degrees of effects of pre-
ceding crops on AM host crops were different; 
the effects on adzuki bean, kidney bean, soy-
bean, sunflower and maize crops were greater 
than those on wheat and potato crops. 
5. The effects of preceding crops on AM forma-
tion and growth of succeeding maize were ex-
amined at different soil moisture levels. Maize 
was grown in pots filled with soil (Melanu-
dands) taken from the plots in which AM host 
(sunflower, maize, soybean, kidney bean, 
adzuki bean, potato and wheat) and nonhost 
(mustard, radish, sugar beet and buckwheat) 
crops had been cultivated in the previous sea-
son. Soil water potential was adjusted to 
around -10 kPa (wet: W), -50 kPa (moist: M) 
and <-63 kPa (dry: D) from 11 days after sow-
ing. The soils after cultivation of AM host 
plants in the previous season contained more 
AMF spores than did those after cultivation of 
nonhost plants. The influence of the preceding 
crops on AM colonization was pronounced in 
drier soils, in which AM colonization of maize 
following AM host cropping occurred more fre-
quently than that after nonhost cropping. Ar-
buscular mycorrhizal colonization of maize, 
however, improved with increasing soil mois-
ture status even after nonhost cropping, de-
spite the low AMF spore population. The 
influence of preceding crops on maize growth 
was also distinct, but it declined markedly with 
increase in the soil moisture status. The in-
crease in AM colonization with increase in the 
soil moisture status despite the low AMF spore 
population suggests that a higher soil moisture 
status improved the efficiency of AM coloniza-
tion. Such effects may have, in turn, stimu-
lated P uptake and enhanced plant growth, 
thereby reducing the influence of the cropping 
history.
6. Preceding crops have been reported to affect 
the growth and P uptake of succeeding crops 
because of their distinct effects on AM coloniza-
tion. It has also been reported that low soil tem-
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perature greatly reduces plant P uptake. 
Therefore, the effects of preceding crops on the 
growth, P uptake and AM colonization of suc-
ceeding maize plants were examined at three 
soil temperatures in order to clarify the effects 
of low soil temperature on the growth re-
sponses of maize plants to preceding crops. 
Maize plants were grown in pots in which sun-
flower (AM host) or mustard (nonhost) crops 
had been cultivated as preceding crops. Soil 
temperature was adjusted to 15, 20 or 25 oC 
during cultivation of maize plants. Air tempera-
ture was equally adjusted to 25 oC (day) and 
20 oC (night) in each treatment. The growth rate 
and AM colonization of maize plants declined 
as the soil temperature fell. However, the 
growth of maize plants after cultivation of sun-
flower crops was superior to that after mustard 
cropping at each soil temperature. Shoot dry 
weights of maize after sunflower cropping were 
5.1-times (at 15 oC), 6.5-times (at 20 oC) and 
5.0-times (at 25 oC) greater than those after 
mustard cropping. The percent AM coloniza-
tion of maize roots after sunflower cropping 
was much greater than that after mustard crop-
ping at each soil temperature. The results 
therefore suggested that the AM colonization of 
maize roots was affected by the preceding crops 
at each soil temperature and that cultivation of 
sunflower (AM host) crops improved the AM 
colonization of succeeding maize, which accel-
erated the P uptake and growth of maize even 
at low soil temperature above 15 oC. 
7. It is well known that soil-P availability affects 
AM colonization of plants. Thus, the effects of 
preceding crops may be also influenced by soil-
P availability. A field experiment was con-
ducted to determine the influence of P availabil-
ity on the effects of preceding crops. After 
cultivation of cabbage, soybean and maize, 0, 
250 and 500 kg P2O5 ha-1 of P were applied and 
maize crops were grown in each plot. Cabbage 
is a non-mycorrhizal host, and soybean and 
maize are AM host crops. Growth of maize dif-
fered depending on the preceding crop; the 
growth rate of maize after cultivation of soy-
bean or maize (AM host) was higher than that 
after cultivation of cabbage (nonhost) at each 
level of soil-P availability. At a low available P 
level, the effect of the preceding crop was evi-
dent, but the effect became less evident with in-
crease in soil-P availability level. Arbuscular 
mycorrhizal colonization of maize roots de-
pended on the preceding crop, and the percent 
colonization of maize after cultivation of soy-
bean or maize was higher than that after culti-
vation of cabbage. The percent AM colonization 
of maize after cultivation of each crop de-
creased with increase in available P level. The 
effects of preceding crops on the grain yield of 
maize were not as pronounced as the effects on 
early growth of maize. Differences in maize 
yield were observed only when no P was applied 
(available P level of the soil without P fertilizer 
being less than 103 mg P kg-1 soil), suggesting 
that the effects of preceding crops are pro-
nounced at a low available P level in soil and 
that the effects are also evident at the available 
P level recommended in Hokkaido (44-131 mg 
P kg-1 soil).
8. The effects of the preceding crops, sunflower 
(AM host) and mustard (nonhost), on AM colo-
nization and growth of succeeding maize were 
examined in 17 soils in an attempt to clarify the 
influence of soil characteristics on the effects of 
preceding cropping. Shoot weight of and P up-
take by maize planted after sunflower cropping 
were much higher than those after mustard 
cropping in 14 soils, although the preceding 
cropping had little effect on soil-P availability. 
Percent AM colonization of maize after sun-
flower cropping was much higher than that af-
ter mustard cropping. The effect of preceding 
crops was eliminated by soil sterilization. 
These results suggested that the differences in 
maize growth were caused by differences in AM 
colonization. Correlation analysis of the effect 
of preceding cropping and soil properties 
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showed that the difference in the effects on 
maize growth could not be explained by soil 
chemical properties but only by the AM coloni-
zation of the preceding sunflower. In one of the 
17 soils, however, the effect was not evident de-
spite the fact that the percent AM colonization 
of the preceding sunflower was high. This soil 
was sterilized, and the effect of inoculation of 
AM fungi on maize was examined. However, it 
was found that the inoculation increased AM 
colonization but did not improve maize growth 
at any P level, suggesting that the effect of AM 
fungi was unusually inhibited in this soil by un-
known soil physicochemical properties. In 
most soils, however, the preceding AM host 
crop, sunflower, increased the AM colonization 
of the succeeding maize and improved its 
growth.
9. It has been suggested that cultivation of 
some crops with little arbuscular mycorrhiza 
results in a decline in AM colonization and 
growth of succeeding crops. However, such 
crops also need to be cultivated in rotation. To 
try to establish an effective method for improv-
ing the growth of succeeding crops, therefore, 
green manure crops (AM host crops) were 
grown immediately after harvesting of crops 
with little mycorrhiza, and the effects on suc-
ceeding maize were examined under field condi-
tions. After oat (Avena sativa L.) cropping, 
sunflower, vetch (Vicia sp.) or mustard seeds 
were sown as green manure on August 7, 1996. 
Sunflower seeds were also sown on September 
9 and October 11. Each green manure crop was 
harvested (unincorporated) or incorporated on 
November 5. In the following season, maize was 
grown in the plots after sunflower, vetch or 
mustard cropping and in a plot after fallowing. 
The percent AM colonization, shoot weight and 
yield of maize grown after AM host (sunflower 
and vetch) cropping were much greater than 
those after fallowing and nonhost (mustard) 
cropping. Furthermore, the growth of succeed-
ing maize was not affected by incorporation of 
the green manure crops. These results suggest 
that the increases in AMF populations during 
cultivation of AM host crops improved the effi-
ciency of AM colonization in the following sea-
son and that this brought about positive effects 
of sunflower and vetch cropping. Effects of sun-
flower cropping on the growth of maize were 
not observed in the plots in which sunflower 
seeds were sown after September. Since there 
was little AM colonization of sunflowers for 
which the seeds had been sown after Septem-
ber, it is thought that sunflower cropping after 
September did not increase sizes of AMF popu-
lations in the soil. Therefore, AM host crops 
must be sown in August (in case of sunflower) 
to improve AM colonization, growth and yield of 
succeeding crops when crops with little mycor-
rhiza are grown in the field.
10. The results of this series of studies sug-
gested that the differences between growth 
rates of succeeding crops were mainly caused 
by fluctuation in sizes of indigenous AMF popu-
lations due to different preceding crops. These 
results indicate that AM dependency of crops 
and the associations of crops with AM fungi are 
important factors for selection of an appropri-
ate combination of preceding crops and suc-
ceeding crops. The effects of preceding crops 
were evident in dry soil and in low-P soils but 
not in wet soil and in high-P soil. These effects 
were observed over relatively wide ranges of soil 
temperature and soil type. Information on 
these effects is useful for determining the most 
appropriate sequence of crops in a rotation sys-
tem suited to particular environmental condi-
tions. The results of this series of studies 
indicate that the selection of a combination of 
preceding crops and succeeding crops should 
be based on the AMF status in soil when crops 
are grown in dry soil (especially drier than field 
capacity) or low-P soil (especially less than 110 
mg P kg-1). The results also suggest that the pro-
ductivity of crops after cultivation of nonhost 
crops is improved by the introduction of AM 
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host crops as green manure. Improvement in 
crop sequences and introduction of green ma-
nure crops are thought to be useful means for 
manipulating indigenous AM fungi so as to im-
prove field crop production in crop rotations.
